Abstract-Self-collimation in photonic crystals (PhCs) has been demonstrated providing a very promising light-guiding mechanism. The fact that self-collimation allows light-guiding without any physical boundary is beneficial in high-density photonic integrated circuits (PICs) in terms of efficient coupling and arbitrary beam routing with no crosstalk. In this paper, we demonstrate a tunable photonic crystal device by combining the self-collimation lattice and band-gap lattice.
the SiO 2 buffer layer is 1 µm. The photonic crystal lattice was written on 200-nm-thick PMMA resist by electron-beam lithography. The patterned structures were transferred into the Silicon layer subsequently using inductive coupled plasma (ICP) etching. The reaction gases were SF 6 and C 4 F 8 . Fig. 4 shows the scanning electron microscope images of the etched photonic crystal. The self-collimation photonic crystal consists of a square array of air holes with hole radii of 125 nm and a lattice constant of 450 nm.
In order to inject free carriers, a p-i-p junction was formed along the diagonal direction of the selfguiding photonic crystal. At first, a 500-nm-thick SiO 2 layer was deposited onto the etched sample using plasma enhanced chemical vapour deposition (PECVD). Next, conventional UV lithography and buffered oxide etch (BOE) were employed to open doping windows via the SiO 2 layer. After spinning a boron film on the sample, it was slid in a RTA furnace of 1050 • C for diffusion. After the diffusion process, the residue of the dopant was removed by soaking the sample in the BOE solution for a couple of minutes. The sheet resistance of doped regions was measured by a four-point probe.
From the sheet resistance, the doping concentration was calculated as 3 × 10 19 cm −3 .
To deposit the electrodes, the regions for metal electrodes were patterned using conventional photolithography. The Ge/Au electrodes were deposited using an electron-beam evaporator followed by the lift-off process. The electrodes were connected with external connectors using gold wires by wire bonding. Fig. 5 shows the microscope image of the fabricated device. The p-i-p diode injects holes only [8] , and the measured I-V curve is approximately linear at −40 to 40 V ranges. The measured current is I = 3.1 mA at V = 40 V. The devices were tested on an optical mea- surement bench. A tapered Doping regions Electrode Electrode Photonic crystals and polarization maintained fiber launched the input light from a tunable laser to the facet of the input waveguide. The 8 µm wide input waveguide was tapered to 200 nm, narrowing the input wave to a single mode wave, and launching it to the self-guiding photonic crystal. Another tapered fiber collected light at facets of output waveguides, and sent it to a photo detector. An external voltage source was connected to the electrodes.
To test the carrier injection effect, we launched light with a wavelength of λ = 1428 nm from the tunable laser. The output light was collected and measured. The switching effect was observed when the external voltage of 40 V was switch on and off. The graph of the measured output light versus the applied external voltage is shown in Fig. 6 . An IR CCD camera was mounted over the testing sample to observe the far field light radiated from the sample surface. Fig. 7(a) shows the captured top view of the device with no input light and no externally applied voltage. The right small images are the images captured at the output facet. Figure 7 As we can see from Fig. 7 , when the applied voltage increases, the output light decreases. The radiation light from the sample surface decreases too. The effective refractive index shift due to the free carrier injection and the free carrier absorption contribute to this phenomenon. From the captured images, the strong absorption can be observed. The output spectra with varying applied voltages are plotted in Fig. 8 . However, no output light could be observed at the reflection port. This might be caused by the unconfined free carriers. As we can see from Fig. 7 , the free carriers pass not only the tunable region, but also other open regions. Therefore, the effective refractive index of these regions is changed too, which changes the dispersion property of the self-guiding photonic crystal. Moreover, free carriers outside the tunable region increase the overall absorption loss. We are trying to improve the free carrier confinement, and expect to observe the reflected light and faster switching speed.
In summary, we demonstrate a tunable photonic crystal device. The proposed device consists of the self-guiding region and the tunable region. The tunable region has the same lattice constant as the self-guiding lattice to minimize the leakage along the boundary between the two lattices. The tunable lattice is designed such that it has a band gap and the self-guiding frequency is located at its bottom band edge of the band gap. Therefore, in principle, when injecting free carriers into the tunable region to slightly reduce the effective index of this region, the band is pulled up and the self-guiding frequency is thus shifted into the band gap and the self-guiding beam is partly reflected to the vertical direction. Depending on how deep the self-guiding frequency is pulled into the band gap, a various percentage of the self-guiding beam is reflected. Experimentally, the free carriers are injected into the tunable region by highly p-doping two separated regions on both sides of and along the 45 degree direction to the original self-guiding beam path. It is observed that when a voltage of 40 V is applied on these two highly p-doped regions, the pass-though port has reduced power output comparing to the value when no external voltage is applied.
